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          CHAPTER I 

 

INTRODUCTION 

 

 

Voice is crucial for daily communication. The speaking voice inherently 

communicates information about the individual, with voice quality serving as a key 

means by which speakers convey their psychological, physical and social traits to 

others (Laver, 1980). The human voice is produced by vibration caused by the flow of 

the vocal folds and requires a complex interaction between acoustics, tissue motion, 

and flow dynamics (Thomson, 2024). Voice is determined as normal when the voice 

quality is clear; the pitch and the loudness of the voice are appropriate for age, gender 

and situation; the voice is produced without excess effort, pain, strain, or fatigue; and 

the voice is satisfactory to the speaker in meeting his or her occupational, social and 

emotional vocal needs. When an individual's voice differs significantly from 

normative data with respect to quality, pitch or loudness this suggests that he/she 

may have dysphonia (Coyle, Weinrich & Stemple, 2001). The term dysphonia thus 

encompasses a wide range of voice changes that may arise from structural, 

neurological, functional, or psychogenic causes, all of which can disrupt the typical 

vibratory pattern of the vocal folds and the resulting acoustic output. 

The study of voice is vital not solely because of its biological and linguistic 

functions, but also because voice abnormalities are prevalent in people around the 

world. A landmark population study discovered that the prevalence across the 

lifespan of voice abnormalities was around 29.9%, with 6.6% of studied individuals 

reporting a current voice disorder (Roy et al., 2005). This highlights the need for 

reliable tools to evaluate and monitor voice quality. A Speech Language Pathologist 

(SLP) who deals with dysphonic patients must do a comprehensive evaluation in order 

to determine the accurate diagnosis, which later serve as the basis for management. 
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Across the studies, voice quality has often been evaluated using various 

perceptual and objective measures. Perceptual measurement of the voice is a method 

that employs auditory-perceptual processes, together with incorporation of inputs from 

a rating system to make effective judgments on the typical nature and 

appropriateness of an individual's voice (Aronson & Bless, 2009). However, this 

auditory perceptual voice assessment is not considered as an objective measurement 

because it utilizes the listener’s ears to interpret what they are listening. Additionally, 

listener’s experience and training influence auditory perceptual evaluation of voice. Due 

to its subjective nature, it is further influenced by the listener’s bias. Despite all the 

disadvantages, it is always considered the gold standard because it provides information 

readily to the examiner and is found to be economical in its usage (Oates, 2009). The 

advantage of perceptual analysis is that it is easily accessible for SLPs and 

laryngologists for daily use in their clinical settings. The most widely employed 

perceptual evaluation assessment tools are GRBAS scale (Hirano, 1981), Consensus 

Auditory Perceptual Evaluation of Voice (CAPE-V) (Kempster et al., 2009), Buffalo 

Voice III Profile (Wilson, 1987), Vocal Profile Analysis Scheme (Laver et al., 1981), and 

so on. Furthermore, self-rating measures such as the voice handicap index are used to 

quantify the impact of vocal problems on individual's daily activities and quality of 

life. Voice is also evaluated objectively through acoustic, aerodynamic and imaging 

techniques. 

Regardless of the significance of perceptual measures, objective evaluation 

is crucial in terms of its reliability, describing the voice parameters more 

quantitatively and serves as a diagnostic indicator. Acoustic measures, 

electroglottographic techniques, aerodynamic measures, and so on are some of the 

objective measurements used for evaluating voice parameters. However, there is an 

increase in evidence of using the acoustic parameters of voice assessment to evaluate 

the vocal function due to its non-invasive method of obtaining the data and as it 
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focuses directly on the output characteristics. Acoustic analysis serves two purposes. 

During evaluation, it provides indirect evidence of the severity of voice problem and 

at follow-up, it helps to evaluate effects of rehabilitation plan (Scherer, Vail, & Guo, 

1995). 

Acoustic analysis of voice includes various spectral and cepstral parameters 

which can be used for both diagnoses as well as tracking intervention efficacy in 

voice disorders. These are frequently used by the Speech-language pathologist as it is 

non-invasive, time-saving, and easy to interpret. It has been used for diagnostic 

investigations as well as to track the treatment efficacy (Carding et al., 2009). It 

involves procedures such as inverse filtering, auto correlation, spectrum, cepstrum to 

extract the frequency related measures, amplitude related measures, perturbation 

related measures, noise/harmonic related measures, and measure of voice continuity 

(Hirano et al., 1988; Wolfe et al., 1995; Dejonckere & Lebacq, 1996 and Picirillo et al., 

1998). However, Awan and Roy (2006) stated that single parametric measurement 

such as cepstral and spectral based measures have limited validity for diagnostic 

outcomes. Although a majority of the acoustical parameters were easy to analyze and 

interpret, they were shown to have limited test-retest reliability and poor correlation 

with perceptual analysis (Bauser & Drinnan, 2011; Karnell, Hall, & Landanl, 1995; 

Bough et al., 1996). This has led to a surge in the trend of using a multivariate 

objective analysis of voice rather than unidimensional analysis. 

Some of the recently introduced multi-parametric acoustic measurement to 

identify the severity of dysphonia in voice are Dysphonia Severity Index (DSI) and 

Acoustic Voice Quality Index (AVQI). These parameters were reported to be 

effective when they used in weighted combinations such as Dysphonia Severity Index 

(Wuyts et al., 2000), Acoustic Voice Quality Index (Maryn, Bodt & Roy, 2010), 

Cepstral spectral index of dysphonia (Peterson et al., 2013).   
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The Dysphonia severity index (DSI) (Wuyts et al., 2000) is a 

multiparametric measurement reported to be a robust measure in different studies 

(Timmermans et al., 2004). DSI considers Maximum Phonation Time (MPT), 

highest frequency, lowest intensity and jitter to reach a numerical value that reflects 

the voice quality of a given individual. In a study by Hakkesteegt et al. (2008), it was 

revealed that the mean DSI scores could be highly stable across subject groups were 

well correlated with the GRBAS perceptual scale. In the Indian context, Jayakumar 

and Savithri (2012) developed the normative for DSI and compared it with the 

European population in terms of Highest F0, MPT as well as the DSI values. One of the 

drawbacks of DSI is that connected speech is not taken into consideration. To improve 

ecological validity, it is essential to analyze both sustained phonation as well as 

connected speech,  as this allows for a more realistic representation of everyday voice 

use. 

Maryn et al. (2010) investigated the viability and diagnostic accuracy of 

combing continuous phonation with speech in the assessment of the quality of voice 

using -Acoustic Voice Quality Index (AVQI). The six parameters assessed in AVQI are 

Smoothed Cepstral Peak Prominence (CPPS), Harmonics-to-Noise Ratio (HNR), 

Shimmer Local (SL), Shimmer local dB (ShdB), slope of long-term average 

spectrum (slope) and tilt of the trendline through the long-term average spectrum (tilt). 

AVQI possesses a script designed for the automated assessment of dysphonia 

severity, utilizing an analysis of a combined sample involving sustained vowel and 

connected speech. Hence, AVQI is constructed with the following formula: “AVQI = 

2.571*(3.295-0.111*CPPS - 0.073*HNR - 0.213*SL + 2.789*ShdB - 0.032*Slope + 

0.077*Tilt)” (Maryn et al., 2010). This script is exclusively compatible with Praat 

software. A score of 2.95 or below obtained on AVQI identifies the sample to be 

normophonic adults (Maryn et al., 2010). The AVQI score, ranges from 0 to 10, 

serves as an indicator of voice severity, with 0 representing normal voice and 10 
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signifying profoundly abnormal voice on the severity continuum (Maryn et al., 

2010). 

A high positive correlation of approximately 0.78 was identified between 

AVQI and the G parameter of GRBAS. This indicates that as the AVQI score increases, 

reflecting a higher degree of hoarseness, there is a corresponding deterioration in 

overall voice quality, and conversely, a lower AVQI score is associated with better 

voice quality (Maryn et al., 2010). 

Version 03.01 of AVQI has undergone significant modifications, particularly 

in the adjustment of parameter weights, leading to its current form. AVQI holds good 

diagnostic accuracy and cross- linguistic validity (Maryn et al., 2014). The script for 

obtaining AVQI (v03.01) reported by Barsties and Maryn (2015b), contains the 

formula, “AVQI = (4.152- (0.1777* CPPs) – (0.006* HNR) – (0.037* Shim) + 

(0.941* ShdB) + (0.01* Slope) + (0.093* Tilt) * 2.8902”. 

Jayakumar and Benoy (2022) reviewed eight studies on AVQI (v03.01) and 

seven studies on AVQI (v02.02) and reported an overall sensitivity and specificity of 

0.85 and 0.92 for AVQI (v02.02) and 0.82 and 0.92 for AVQI (v03.01), respectively.  

Additionally, it has been found that the area under the curve (AUC) was found 

slightly better for AVQI (v03.01)(0.94) than AVQI (v02.02) (0.92). The diagnostic 

threshold of AVQI (v02.02) is within the range of 2.72 to 3.33 while, in case of AVQI 

(v03.01), it is found to be in the range of 1.33 to 3.15 (Jayakumar & Benoy, 2022). 

There is no effect of gender on AVQI (v02.02) as reported by Latoszek et 

al. (2019). Shabnam and Pushpavathi (2021) in AVQI and DSI in the Indian context 

even though there was significant effect seen in their individual parameters. 

Jayakumar et al. (2022) also reported that there is no effect of gender on AVQI 

(v02.02), however, their study across the lifespan revealed that age was a factor on 

AVQI (v02.02). 

There are numerous studies that reports AVQI values in adult population. In 
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Indian context, Benoy (2017) has developed and validated an AVQI (v02.02) 

reference data with perceptual measurements between healthy normal individuals 

and individuals with dysphonia. Vishali (2019) has established standard reference data 

for AVQI (v02.02) in native Tamil speakers between the age range of 20 to 50 years. 

Seshasri (2018) has established normative data for AVQI (v02.02) for Kannada 

speaking typically developing children in the age range of 10 -12 years. Varna (2024) 

has established the normative data for AVQI v03.01 in Malayalam and Kannada 

speaking typically developing children in the age range of 5- 8 years. To date, no 

study has established normative reference data for AVQI v2.02 in Telugu-speaking 

adults. Therefore, the present study focuses on establishing normative reference data 

for AVQI v2.02 in healthy normal Telugu speaking adults. 

          1.1 Need for the study  

          The Acoustic Voice Quality Index (AVQI) is an objective 

multiparametric measure widely recognized for evaluating voice quality. Since its 

development, it has been validated in several languages across the world like Dutch, 

German, English, French, and Finnish (Maryn et al., 2014), the Altaic language 

Korean (Maryn et al., 2016; Kim et al., 2018), and the Indo-European language 

Lithuanian (Uloza et al., 2016) and Persian (Zainaee et al., 2022), where AVQI has 

consistently demonstrated its clinical utility in distinguishing normal from dysphonic 

voices and correlate with perceptual judgments. 

Telugu is one of the Dravidian languages and the fourth most spoken native 

language in India, with approximately 81 million speakers, accounting for 6.7% of the 

country's population (Census of India, 2011). It is the native language spoken by the 

residents of the South Indian states of Andhra Pradesh and Telangana. The phonetic 

system of Telugu is extensive, featuring 12 vowels and 36 consonants, with clear 

vowel length distinctions and a range of phonological transformations largely 

influenced by sandhi rules that affect sound changes at word boundaries during 

connected speech (Bhaskararao & Ray, 2017). Despite these rich and complex 
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phonetic characteristics of Telugu, the AVQI has not been investigated so far. At 

present, there is no normative reference AVQI data for Telugu-speaking adults, and no 

validation studies with Telugu speakers who suffer with dysphonia. In addition, 

although research in other Indian languages has examined the role of age and gender, 

no such studies have been conducted in the Telugu population. Therefore, there is a 

need to develop clinical reference data on AVQI in the normophonic (healthy) Telugu-

speaking population, examine the influence of age and gender on AVQI and its 

constituent parameters, and explore the applicability of AVQI in Telugu-speaking 

individuals. 

1.2 Aim of the study 

 

The present study is aimed to establish the normative reference data for 

Acoustic Voice Quality Index (AVQI) in native Telugu-speaking normo-phonic 

adults within the age range of 20 to 65 years. 

1.3 Objectives of the study 

 

i. To determine normative reference data for the Acoustic Voice Quality Index (AVQI) 

in native Telugu-speaking healthy young adults aged 20 to 35 years; middle aged 

adults aged 36 to 50 years and older adults aged 51 to 65 years. 

ii. To determine the effect of age on AVQI scores and its constituent parameters in the 

study population. 

iii. To examine the influence of gender on AVQI scores and its constituent parameters 

in Telugu speakers. 

iv. To validate the Acoustic Voice Quality Index (AVQI) by testing it in individuals 

with dysphonia who are native Telugu speakers. 
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                        CHAPTER II 

                            REVIEW OF LITERATURE 

 

 

The human voice is the result of the coordinated activity of several  

physiological systems, involving the interaction of respiratory, phonatory, and 

resonatory subsystems rather than a single isolated process. The coordinated 

interaction of airflow through the glottis, vocal fold vibration, and acoustic 

wave transmission within the vocal tract mechanically produces voice, which 

reveals the close relationship between physiological activity and physical 

processes (Calvache et al., 2023). Physiologically voice production can be 

understood at three levels: the subglottal system, which is responsible for 

controlling airflow and pressure; the glottal level, where vocal fold vibration 

occurs; and the supraglottal system, where sound is modified through vocal 

tract resonance. Voice is usually defined in clinical and perceptual terms 

through attributes like pitch, loudness, and voice quality. These attributes are 

perceived collectively rather than as separate elements, contributing to the 

listener’s overall impression of a speaker’s voice. The variations in these 

characteristics arise from the interaction of aerodynamic factors, vocal fold 

behaviour, and acoustic resonance, contributing to the uniqueness of each 

human voice. Based on the results of recent clinical studies, it is essential to 

identify any variations in the voice quality in order to distinguish between 

pathological and normal variation of voice and for guiding evidence-based 

voice assessment and intervention (Roy et al., 2010; Lechien et al., 2023). 

The term dysphonia is used for any kind of change in voice quality in 
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terms of pitch, loudness, or any loss of efficiency of vocal production 

(American Speech-Language-Hearing Association [ASHA], 2015. Epidemiological 

data from recent times suggest that voice issues are much more common in all 

populations. As per more recent statistics from studies conducted in 2024, 

roughly 12.6% of the general population reports current vocal issues, while 

20.6% report having voice disorders at some point in their lives (Roy et al., 

2020). Research by Fujiki and Thibeault (2024) indicates that voice disorders 

affect a considerable number of adolescents, with 24.3% reporting past 

experiences and 7.4% reporting current voice problems. This suggests that 

voice disorders affect people early in life and may last a lifetime. Due to this 

widespread prevalence and variability along with the multidimensional nature 

of voice production, it becomes extremely essential for accurate 

identification and systematic evaluation of  voice disorders. Therefore, 

assessment and diagnosis of voice disorders require comprehensive, 

multidimensional evaluation approaches. A Speech-Language Pathologist 

(SLP) dealing with dysphonic patients must conduct a comprehensive 

evaluation in order to determine an accurate diagnosis, which subsequently 

serves as the basis for evidence-based management. 

          2.1 Assessment of Voice 

Assessment of voice is a critical component in the diagnosis and 

management of voice disorders. Clinical voice evaluations often involves 

auditory-perceptual evaluation, instrumental acoustic analysis, aerodynamic 

evaluation, laryngeal examination, and patient-reported outcome measures. 

Among these components, auditory-perceptual evaluation is seen to be 

essential because it reflects how listeners perceive voice abnormalities in 
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everyday communication contexts (Oates, 2009; Kempster et al., 2009). 

Instrumental techniques, especially acoustic analysis, are used to supplement 

perceptual assessments by offering objective, measurable data about the 

properties of voice signals (Patel et al., 2018). 

2.2 Subjective Evaluation of Voice 

Subjective evaluation of voice is also known as psychoacoustic 

evaluation of voice because it relies mainly on listener’s hearing. It is regarded 

as the 'gold standard' method for the clinical assessment of voice and speech. 

The main advantages of perceptual evaluation are its easy availability and  it 

does not require any complex instrumentation for its utilization in clinical 

settings (Nerurkar, 2017). Despite its widespread use, it has been strongly 

criticized for its subjective nature. The main limitation of perceptual evaluation 

is that it is primarily based on listener’s hearing and is subject to variability due 

to factors such as the listener's hearing threshold and experience; type of 

samples used such as phonation, reading, spontaneous speech, and 

conversation; and subject-related factors (Nemr et al., 2005).  

A variety of perceptual rating measures have been developed to 

overcome these constraints and improve listener agreement in judging voice 

quality. These perceptual scales make use of visual analog scale, equal 

appearing interval scale, Likert scale etc for making the judgement regarding 

voice quality. In literature, most commonly used scales for perceptual analysis 

of voice are Grade, Roughness, Breathiness, Asthenia, and Strain (GRBAS) 

scales (Hirano, 1981), Vocal Profile Analysis Scheme (Laver et al., 1981), 

Consensus Auditory Perceptual Evaluation of Voice (CAPE-V) (Kempster, 

Gerratt, Verdolini, Barkmerer, Kraemer & Hillman, 2009), and Buffalo Voice 
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III Profile (Wilson, 1987). 

2.2.1 GRBAS Scale 

The `GRBAS Scale' was introduced by Hirano, (1981). It uses a four- 

point rating scale for all five characteristics, ranging from 0 (normal) to 3 

(extreme), and is intended as a baseline assessment of voice quality. Every 

measure of the scale denotes a different aspect of phonation: R stands for 

roughness, B for breathiness, A for asthenic (weakness), S for strain, and G 

(Grade) for the overall severity of the voice (Hirano, 1981). Among these 

parameters, the Grade component is most widely used as a global indicator of 

dysphonia severity due to its ability to summarize overall perceptual 

abnormality. Owing to its simplicity, minimal time requirement, and feasibility 

in routine clinical settings, GRBAS rating scale continues to be one of the most 

commonly adopted perceptual voice assessment tools in both clinical and 

research contexts (Oates, 2009; Kempster et al., 2009). 

Limitations of the GRBAS Scale 

Even as it is extensively used, it is important to understand that 

GRBAS is fundamentally a subjective tool whose reliability depends on the 

expertise of the listener, leading to variability across clinicians. Literature 

reports that inter-rater reliability is generally lower than intra-rater reliability, 

with parameters such as Strain and Asthenia showing greater inconsistency 

than the Grade parameter (Vaz Freitas et al., 2014). Moreover, since GRBAS 

uses a four-level ordinal scale, it lacks sensitivity to detect minor changes in 

voice quality when compared to continuous rating scales (Nemr et al., 2012). 

Lastly, GRBAS focuses mainly on auditory-perceptual characteristics of voice 

quality while failing to address the psychological implications of voice 
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problems, as witnessed by low correlations with patient-reported outcomes 

(Vallur & Jagadeeswaran, 2025). These limitations support the use of GRBAS 

as a complementary rather than a standalone measure in voice assessment. 

2.2.2 Vocal Profile Analysis (VPA) scheme 

The Vocal Profile Analysis (VPA) scheme, first introduced by Laver 

(1980, 1991), is a scheme of analysis using a descriptive auditory-perceptual 

method that utilizes trained listeners to analyze the voice quality based on 

physiological changes to both laryngeal and supralaryngeal systems during 

speaking or reading activities. This scheme evaluates voice characteristics in 

comparison to a predetermined neutral voice sample and numerically represents 

the deviation for phonatory and articulatory features. The VPA scheme 

evaluates several aspects of voice production, such as prosodic characteristics 

like pitch and loudness, phonation characteristics, vocal tract characteristics, 

and overall muscular tension. A six-point ordinal scale is used to rate deviations 

from the neutral voice setting, with degrees 1-3 denoting moderate deviations 

and degrees 4-6 denoting extreme deviations (Laver, 1991; Beck, 2018). While 

VPA allows for precise, multidimensional descriptions of habitual voice quality 

(Oates, 2009), there are issues with using this analysis as a clinical tool due to 

its poor reliability. Webb et al. (2004) reported poor to fair inter-rater reliability 

for VPA (K = 0.00–0.29) even when ratings were performed by experienced 

clinicians, which they attributed to the complexity of the scheme.  The lack of 

practical application of VPA was due to both the high degree of training needed 

for the tool and the variability among raters. 

2.2.3 Buffalo Voice Profile rating scale 

The Buffalo Voice Profile (Wilson, 1987) is frequently used in rating 



13 
 

voice problems and as a guideline for voice therapy. It contains seven equal-

appearing intervals with ‘1’ meaning a slight deviation and ‘7’ a severe 

deviation. The Profile consists of 12 key dimensions including: laryngeal tone, 

laryngeal tension, vocal abuse, loudness, pitch, vocal inflections, pitch breaks, 

diplophonia, resonance, nasal emission, rate, and overall voice efficiency. The 

rater circles the appropriate term listed under each item. The inclusion of 

parameters which are not related to the voice quality such as (vocal strain, 

intermittent aphonia) of an individual is the major limitation of using this scale 

for evaluation (Carding et al., 2000). 

2.2.4 Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V)  

The Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V) is 

a standardized protocol that uses visual analogue scales to assess the voice 

quality perceptually (Kempster et al., 2009). The tool aims at assessing the 

overall degree of severity, as well as various vocal aspects, including 

roughness, breathiness, strain, pitch, and loudness, across sustained vowels and 

connected speech. There have been a number of findings that showed good 

intra-rater and inter-rater reliability, particularly for overall severity, when 

trained listeners follow standardized procedures (Zraick et al., 2011; Nemr et 

al., 2012). High correlation between the overall severity score of CAPE-V and 

the score of GRBAS grade “G” further confirm the concurrent validity of the 

two perceptual assesment tools. High correlations between CAPE-V overall 

severity and GRBAS Grade “G” further support the concurrent validity of the 

two perceptual assessment tools. Nemr et al. (2012) found high levels of 

reliability and agreement between GRBAS and CAPE-V ratings, and Liu et al. 

(2025) found strong correlations between the two scales corresponding 
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parameters, particularly CAPE-V Overall Severity and GRBAS Grade (rs = 

0.91), showing consistent perceptual interpretation across instruments. 

However, CAPE-V remains a subjective, listener-dependent measure, the 

variability across raters as well as the need for training and calibration have 

been identified as key drawbacks, particularly in routine clinical settings. It is 

therefore advised to use CAPE-V in conjunction with objective acoustic 

measures as part of a multidimensional assessment.  

Overall, perceptual voice assessment tools such as GRBAS, CAPE-V, 

VPA, and the Buffalo Voice Profile provide valuable clinical insight into voice 

quality as perceived by listeners. However, their subjective nature and 

variability across raters limit consistency and quantification of voice severity. 

These limitations highlight the need for objective voice evaluation methods that 

offer reliable and reproducible measures to complement perceptual assessment.     

2.3 Objective evaluation of voice  

Objective evaluation of voice is one of the best assessment methods 

for clinical voice evaluation. Objective evaluation of voice involves the use of 

instrumental techniques to quantitatively assess vocal function by measuring 

specific acoustic, aerodynamic, and physiological parameters. Unlike 

perceptual evaluation, which relies on listener judgment and is susceptible to 

inter- and intra-rater variability, objective assessment provides numerical and 

reproducible data that help substantiate perceptual findings as part of a 

comprehensive voice evaluation. Objective measures are essential for 

confirming the presence of voice disorders, documenting baseline voice 

characteristics, monitoring treatment outcomes, and conducting clinical 

research due to their consistency and reduced subjectivity (Yu, Ouaknine, 
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Revis, & Giovanni, 2001; De Bodt, Barsties, & Maryn, 2010).  

Objective voice evaluation methods may be broadly categorized into 

invasive and non-invasive techniques. The invasive methods include 

laryngoscopy and videostroboscopy, which provide visual information 

regarding vocal fold structure and vibratory patterns and aid in understanding 

the physiological basis of voice disorders. The non-invasive methods include 

acoustic analysis of voice aerodynamic analysis of voice and 

electroglottography. Among these methods, acoustic voice analysis is 

commonly preferred because it is easy to administer, non-invasive, and 

provides objective and quantitative data that support perceptual judgments 

(Awan & Roy, 2015). 

Acoustic analysis of voice offers an objective way to measure vocal 

parameters related to frequency, amplitude, perturbation, and noise 

components. Measures related to frequency, such as fundamental frequency 

and pitch range, help assess vocal pitch characteristics, while amplitude 

measures like habitual intensity, reflect vocal loudness. Perturbation measures 

such as jitter and shimmer, evaluate the stability and periodicity of vocal fold 

vibration, and noise-related measures, such as harmonic-to-noise ratio, indicate 

the level of turbulence in voice. These measures have been widely used in both 

clinical and research settings to assist perceptual voice assessment (Yu et al., 

2001). 

Early investigations aimed to evaluate whether acoustic parameters 

can accurately measure the way the voice quality is perceived by the listeners. 

That is, to explore any relations between subjective and objective measurement 

of voice quality. Indeed, those investigations demonstrated varying correlation 
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coefficients and the fact that one acoustic measure cannot reliably represent 

overall perceptual judgments of voice quality.  

According to Kreiman et al. (1994), the overall perceptual impression 

of voice quality cannot be reliably assessed by using an isolated acoustic 

parameter indicating multidimensional nature of voice. Moreover, significant 

correlations between the Grade component of the GRBAS scale and some 

acoustic measures such as noise-to-harmonic ratio and voice turbulence index 

have been identified by Bhuta, Patrick, and Garnett (2004); nevertheless, these 

relation cannot be reliably applied for all acoustic measures. These limitations 

with single-parameter acoustic analysis were confirmed by additional studies. 

Bauser and Drinnan (2011) found significant variation in the correlations 

between commonly used acoustic measures and perceptual severity ratings, 

indicating low validity and reliability when such measures are utilized 

independently. The above findings indicate that though objective acoustic 

measures offer significant quantitative information, overall perceptual 

experience of dysphonia is not accurately represented by individual 

characteristics. 

In response, researchers began to support the use of multiparametric 

approaches for objective voice evaluation. In a meta-analysis study conducted 

by Maryn et al. (2009), it was shown that a combination of spectral and 

cepstral features demonstrates greater consistency with perceptual voice quality 

assessment than individual parameters, thus proving that perceptual voice 

quality emerges as a consequence of several acoustic characteristics changing 

simultaneously. Similarly, supporting this view, Yu, Pang, and Dong (2014) 

noted that dysphonic voices demonstrate simultaneous changes in frequency, 
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amplitude, and noise-related parameters, hence highlighting that combining 

multiple parameters will yield better clinical utility. 

Later studies focused on finding more reliable ways to measure the 

severity of dysphonia by combining multiple acoustic parameters instead of 

relying on a single measure alone. Compared to conventional single acoustic 

parameters, studies conducted during this phase showed that cepstral and 

spectral measures are more closely correlated with perceptual severity ratings 

and remain more consistent across different voice types and recording 

conditions. (Uloza et al., 2018; Maryn, De Bodt, & Roy, 2019). This shift in 

evidence resulted in the development of composite acoustic indices, which 

combine multiple objective parameters into a single score to overcome the 

limits of both perceptual evaluation and single-parameter acoustic analysis. 

Literature reports few such multiparametric measures of voice quality 

including Dysphonia Severity Index (DSI) (Wuyts et al., 2000), Cepstral 

Spectral Index of Dysphonia (CSID) (Peterson et al., 2013) and Acoustic Voice 

Quality Index (AVQI) (Maryn et al., 2010). 

 2.3.1 Dysphonia Severity Index (DSI) 

Wuyts et al. (2000) developed the dysphonia severity index from 

multivariate analysis of 387 subjects with the goal to describe voice quality 

within objective terms after instrumental analysis using four out of 13 

parameters from both aerodynamic and acoustic perturbation measures. Among 

these 13 measures, only four voice measures were statistically selected using a  

stepwise logistic regression procedure,  representing the minimal set of 

instrumental measures that could best predict perceptual severity. These four 
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measures were jitter percent, maximum phonation time of sustained vowel /a/, 

the highest frequency value and the minimum intensity level. From the study, 

the DSI was constructed as: DSI = 0.13 x MPT + 0.0053 x F0-High - 0.26 x I- 

low - 1.18 x Jitter (%) + 12.4. They  compared  the perceptual means of  “ G ” 

from the GRBAS scale, in order to reflect the properties of DSI. They found a 

linear relationship between the subjective Grading and the more objective 

dysphonia severity index, indicating that a voice is perceptually rates as 

hoarseness, the more negative its DSI value becomes. Hence, DSI is constructed 

so that a perceptually normal voice corresponds with a DSI of + 5 (positive sign) 

and a severely dysphonic voice corresponds with a -5 (negative sign) , but score 

beyond this range are also possible (higher than +5 or lower than -5). An 

advantage of DSI is that the parameters can be obtained relatively quick and 

easy by speech language pathologists in daily practice. 

Several studies reported that DSI is a good correlate of the perceptual 

dysphonia severity (Wuyts et al., 2000; Hakkesteegt et al., 2006; Neelanjana, 

2011). 

2.3.2 Cepstral Spectral Index of Dysphonia (CSID)  

The Cepstral Spectral Index of Dysphonia (CSID) (Peterson, Roy, 

Awan, Merrill, Banks & Tanner, 2013) is a multivariate assessment of 

dysphonia severity that considers both sustained vowels and connected speech. 

CSID includes several components derived independently from sustained 

vowel and connected speech samples, such as cepstral and spectral parameters 

including Cepstral Peak Prominence (CPP), the low-to-high spectral energy 

ratio (L/H spectral ratio), and its standard deviation. It automatically computes 

the severity of dysphonia for each task. The CSID value varies between 0 and 
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100, and occasionally it is less than or larger than what is generated, indicating 

a voice that is profoundly aperiodic or highly periodic, respectively. 

Although the CSID is a multiparametric measure, its results may be 

influenced by recording conditions and it cannot fully replace auditory-

perceptual evaluation because it measures acoustic characteristics of the voice 

signal, including regularity, periodicity, and spectral structure, rather than the 

listener's perception of voice qualities such as roughness, breathiness, strain, 

and overall dysphonia severity (Peterson et al., 2013; Maryn et al., 2014). 

2.3.4  Acoustic Voice Quality Index (AVQI) 

Maryn et al. (2010) introduced a novel method of objective voice 

assessment that combines sustained vowel phonation and connected speech into 

a single acoustic analysis. The Acoustic Voice Quality Index (AVQI) was 

developed as a result of this work. The authors intended to develop a measure 

that could yield a single numerical score indicating overall dysphonia severity 

while maintaining a significant correlation with auditory-perceptual judgments.  

It is a multivariate model integrated into the free software program, 

Praat. It constitutes six acoustic parameters such as the Smoothed Cepstral Peak 

Prominence (CPPS), Harmonics-to-Noise Ratio (HNR), Shimmer Local (SL), 

Shimmer local dB (ShdB), slope of long-term average spectrum (slope) and tilt 

of the trendline through the long- term average spectrum (tilt). Hence, AVQI is 

constructed with the following formula: “AVQI = 2.571*(3.295-0.111*CPPS 

- 0.073*HNR - 0.213*SL + 2.789*ShdB - 0.032*Slope + 0.077*Tilt)” 

(Maryn et al., 2010).  

Across the timeline, AVQI version was revised to maximize its 

feasibility and to reduce the processing steps (Maryn & Weenink, 2015). 
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AVQI version alpha initially was calculated using the computerized program 

called Speech Tool (James Hillenbrand, Western Michigan University, 

Kalamazoo, MI, USA, 2011) to derive the CPPS parameter and Praat software 

(Boersma & Weenink, version 4.6.15, https://www.praat.org/) is used to derive 

the acoustic measurements such as HNR, Shimer local, Shimmer dB, slop and 

tilt (Maryn et al., 2010). Further, the AVQI beta version (second version) was 

developed in such a way that the complete derivation of values including CPPS 

can be obtained in Praat software alone. Further, the results of both the original 

version and second version yielded highly acceptable approximation (Maryn et 

al., 2015). 

AVQI version 3 was developed with a notion to establish an equal 

proportion of sustained phonation of vowel and continuous speech sample to 

reach increased ecological validity. As the length of speech sample was much 

smaller for the analysis after the separation of voice and voiceless segments, the 

length of continuous speech was increased from 17 to 22 syllables to roughly 34 

syllables (Barsties & Maryn, 2015). As AVQI evolved over time, subsequent 

studies compared the diagnostic performance of various AVQI versions across 

languages and clinical populations. 

2.3.5  AVQI version 2 Vs version 3 

Several validation studies across languages have compared the 

diagnostic performance of AVQI v02.02 and v03.01. A systematic review 

and meta-analysis by Jayakumar and Benoy (2022) reported that both 

versions demonstrate high diagnostic accuracy, with pooled sensitivity and 

specificity of 0.85 and 0.92 for v02.02, and 0.82 and 0.92 for v03.01, 

http://www.praat.org/)
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respectively. Although the Area Under the Curve was slightly higher for 

v03.01 (0.94) compared to v02.02 (0.92), the difference was marginal, 

indicating that both versions are clinically robust.  

Notably, the diagnostic cutoff values for AVQI were found to differ 

across versions and languages. For AVQI v02.02, the reported threshold values 

generally ranged from  2.72 to 3.33, while for AVQI v03.01, the cutoff values 

ranged from 1.33 to 3.15 (Jayakumar & Benoy, 2022; Latoszek et al., 2020). 

Studies suggest that these variations are related to language-specific phonetic 

characteristics and the number of syllables used in the connected speech sample, 

particularly in AVQI v03.01 (Englert et al., 2021). 

Despite these methodological improvements in AVQI v03.01, 

AVQI v02.02 is still widely used in research and clinical practice across 

different languages. The continued use of both versions highlights the need 

for separate clinical reference values based on the specific AVQI version 

and language to ensure accurate clinical interpretation. 

2.4 WESTERN STUDIES ON AVQI 

Uloza et al. (2018) explored the use of AVQI version 02.02 in a 

Lithuanian-speaking population. The study included 60 participants, consisting 

of 30 individuals with voice disorders and 30 individuals with healthy voices. 

For the analysis, recordings of connected speech and sustained phonation of 

vowel /a/ were collected. A stable mid-portion of the sustained vowel selected 

and voiced segments were extracted from the connected speech sample. Using 

the GRBAS scale's “ Grade ” parameter, experienced clinicians performed 

perceptual evaluation. The authors reported a strong correlation between AVQI 
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scores and perceptual severity ratings. Receiver Operating Characteristic (ROC) 

analysis revealed an AUC of 0.93, indicating high diagnostic accuracy. The 

optimal AVQI cut-off value was identified as 2.97. The authors concluded that 

AVQI v02.02 is a reliable and valid objective measure for assessing voice 

quality in Lithuanian speakers and emphasized the importance of language-

specific threshold values. 

Kim et al. (2018 a) examined its diagnostic accuracy in a Korean-

speaking population. The study included 1,524 participants, comprising 113 

normophonic individuals and 1,411 individuals with voice disorders. 

Sustained vowel /a/ phonation and reading of the Korean “Walk” passage were 

recorded, from which a 2-second mid-portion of the vowel and 26 syllables of 

connected speech were extracted for analysis. Auditory–perceptual evaluation 

was performed by five speech-language pathologists using the Grade 

parameter of GRBAS rating scale and overall severity from CAPE-V. 

Receiver operating characteristic analysis identified an AVQI cut-off value of 

3.33, with area under the curve values between 0.970 and 0.977, indicating 

excellent diagnostic accuracy.  

The validity of AVQI version 02.06 and version 03.01 among Persian 

speakers was tested by Zainaee et al. (2022). The study involved 180 

participants, with 100 being normophonics and 80 subjects with voice disorders. 

Voice samples were obtained using sustained voicing of vowel /a/ and 

connected speech based on standardized Persian sentences and concatenated 

after which they could be analyzed acoustically. Five experienced speech-

language pathologists were involved in auditory-perceptual evaluation, in which 

the ‘ Grade ’ component of the GRBAS scale and overall severity scores were 
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assessed by using the CAPE-V protocol. Receiver operating characteristic 

analysis revealed AVQI v02.06 cut-off values ranges between  3.47 and 4.04, 

yielding sensitivities ranging from 85.5% to 88.3% and specificities ranging 

between 79.1% and 85.6%, respectively. For AVQI v03.01, cut-off values of 

3.03 and 3.07 demonstrated sensitivities ranging from 74.5% to 85.5% and 

specificities between 91.4% and 97.7%. The authors found that there is a high 

concurrent validity and a high diagnostic accuracy in both versions of AVQI 

and hence the authors affirmed that they can serve as objective means of 

evaluating severe dysphonia across populations who speak Persian language. 

Fantini et al. (2023) validated AVQI version 03.01 in Italian-speaking 

adults. The study included 150 participants, with 100 dysphonic patients and 50 

Normophonics. Voice recordings comprised sustained vowel phonation and 

connected speech, with the speech sample standardized using a language-

specific standardized syllable number (SSN=25 syllables). The SSN was 

determined based on the syllabic characteristics of the Italian language allowing 

a fixed and comparable amount of voiced connected speech for analysis across 

speakers. The study reported a cut-off value of 2.35 for AVQI version 03.01, 

which yielded a sensitivity of 90% and a specificity of 92% in distinguishing 

dysphonics from normophonics. Subsequent to its validation across various 

International languages, AVQI was further investigated within the Indian 

linguistic context. 

2.5  INDIAN STUDIES ON AVQI  

In the Indian context, Benoy (2017) developed and validated 

AVQI v02.02 reference data by comparing vocally healthy individuals with 
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individuals presenting dysphonia. The study involved 120 adults of 20-50 

years of age, comprising 100 vocally healthy participants (50 Malayalam 

speakers and 50 Kannada speakers) and 20 individuals with mild-to-

moderate dysphonia. Voice samples consisted of sustained vowel phonation 

and connected speech, which were analysed acoustically using AVQI 

v02.02. Auditory perceptual evaluation was carried out using the Grade 

parameter of the GRBAS scale. The dysphonic group included individuals 

with various laryngeal pathologies such as vocal nodules, polyps, cysts, 

sulcus vocalis, vocal fold paralysis, laryngitis, glottic insufficiency, and 

muscle tension dysphonia. The results showed significantly higher AVQI 

values in dysphonic voices compared to healthy voices, and authors 

reported a normative AVQI value of 3.03 (±0.32) for combined Malayalam 

and Kannada speaking adult population with no significant effect of 

language on AVQI scores. 

Vishali (2019) established normative reference data for AVQI 

v02.02 in Tamil-speaking adults aged between 20 and 50 years. The study 

was carried out on 136 Tamil-speaking adults, comprising 121 

normophonic participants and 15 participants with dysphonia. Acoustic 

analysis of the recorded voice samples was performed using PRAAT 

software (version 6.0.28) installed on a Lenovo laptop. The study revealed 

a normative AVQI  value of 2.76 for adult Tamil speakers. This value 

varied from previously reported Indian and Western thresholds, supporting 

the language-specific nature of AVQI reference values. 

A study by Pebbili et al. (2021) focused on the diagnostic accuracy 

of AVQI v02.03 in Kannada Speaking adults. The study included 90 voice 
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samples, comprising 71 dysphonic and 19 normophonic voices. The 

dysphonic group consisted of individuals between 12 and 82 years of age, 

whereas the normophonic group had a mean age of 24 years. Acoustic 

analysis was carried out using Praat software (version 6.0.40) with the 

AVQI version 02.03 script. Sustained vowel phonation and connected 

speech samples were analysed, and perceptual severity was rated using the 

‘Grade’ parameter of the GRBAS scale. The authors reported an AVQI cut-

off value of 2.72 for distinguishing between normal and dysphonic voices 

with a sensitivity of 52% and a specificity of 73% and AVQI scores 

increasing with perceptual severity. 

Table 2.1 

Summary of AVQI Validation and Normative Studies Across Different Languages 

and Populations 

Author & 

Year 

AVQI 

Version 

Language/ 

Population 

Study 

Type 

AVQI 

Value 

Maryn et al. 

(2010) 

v02.02 Dutch Validation 2.95 

Barsties & 

Maryn (2015) 

v02.02 Dutch Validation 2.80 

Barsties & 

Maryn (2012) 

v02.02 German Validation 2.70 

Maryn et al. 

(2014) 

v02.02 German Validation 3.05 

Maryn et al. 

(2014) 

v02.02 French Validation 3.07 

Reynolds et 

al. (2012) 

v02.02 Australian 

English 

Validation 3.46 

Maryn et al. 

(2014) 

v02.02 English Validation 3.25 
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Hosokawa et 

al. (2017) 

v02.02 Japanese Validation 3.15 

Kim et al. 

(2018b) 

v02.02 Korean Validation 3.33 

Uloza et al. 

(2018) 

v02.02 Lithuanian Validation 2.97 

Kankare et al. 

(2020) 

v02.02 Finnish Validation 3.09 

Zainaee et al. 

(2022) 

v02.06 Persian Validation 3.47–4.04 

Pebbili et al. 

(2021) 

v02.03 Kannada Validation 2.72 

Barsties & 

Maryn (2015) 

v03.01 Dutch Validation 2.43 

Barsties & 

Maryn (2016) 

v03.01 Dutch Validation 2.43 

Hosokawa et 

al. (2019) 

v03.01 Japanese Validation 1.41 

Delgado 

Hernández et 

al. (2018) 

v03.01 Spanish Validation 2.28 

Pommée et 

al. (2020) 

v03.01 French Validation 2.33 

Latoszek et 

al. (2020) 

v03.01 German Validation 1.85 

Englert et al. 

(2021) 

v03.01 Brazilian 

Portuguese 

Validation 1.33 

Kim et al. 

(2020) 

v03.01 Korean Validation 3.15 

Fantini et al. 

(2023) 

v03.01 Italian Validation 2.35 

Zainaee et al. 

(2022) 

v03.01 Persian Validation 3.03–3.07 

Vishali 

(2019) 

v02.02 Tamil Normative Adults: 

2.76 

Benoy (2017) v02.02 Kannada & 

Malayalam 

Normative Adults: 

3.03 
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Jayakumar et 

al. (2022) 

v02.02 Kannada, 

Malayalam & 

Tamil 

Normative Adults: 

3.03;  

Pediatrics: 

4.02;  

Older 

Adults: 

3.89 

Varna (2024) v03.01 Kannada & 

Malayalam 

Normative Pediatrics: 

4.02* 

         * Studies in pediatric population 

Note: Validation study, refer to studies that evaluated the diagnostic performance 

of AVQI in differentiating between normophonic and dysphonic voices, whereas 

normative studies established reference AVQI values in healthy populations. 

2.6 Effect of age and gender on AVQI 

Barsties et al. (2017) studied the effects of age and gender on AVQI 

(v02.02) and DSI. The study comprised 123 normophonic adults between the 

ages of 20 and 79 years, representing both genders. Although there has been prior 

research on DSI in this aspect, this was the first study to assess the effects of age 

and gender on AVQI. The study findings showed that neither of the 

multiparametric indices showed any significant differences between genders. 

Similar results were found in Indian studies by Benoy (2017) and Jayakumar et al. 

(2022), where AVQI values did not differ significantly between genders despite 

gender-related differences in individual acoustic parameters.  

In contrast, age has a clear influence on AVQI thresholds. Adult 

AVQI v02.02 cut-off values in Indian languages typically range between 2.72 

and 3.03 (Benoy, 2017; Vishali, 2019; Pebbili et al., 2021). The Pediatric 

population has been found to have higher thresholds, with values ranging from 

3.74 to 4.02 for AVQI v02.02 (Seshasri, 2018; Jayakumar et al., 2022; Varna, 
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2024). Older adults showed AVQI values higher than the younger adults with 

thresholds reported around 3.89 (Jayakumar et al., 2022). 

There have been numerous studies conducted on AVQI among 

different languages in both Western and Indian languages, such as Kannada, 

Malayalam, and Tamil. However, currently there are no similar studies in the 

Telugu-speaking population. This means that the reference values of AVQI are 

not yet clinically available for Telugu-speaking adults. 

Therefore, the present study aimed to address this issue through the 

establishment of normative reference values of AVQI v02.02 among healthy 

Telugu-speaking adults. The development of population specific normative 

values is crucial because it allows clinicians to perform accurate clinical 

evaluations, facilitates meaningful interpretation of AVQI results, and expands 

the use of AVQI in multilingual clinical settings. 
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CHAPTER III       

 

METHOD 

 

3.1. Research design 

 

The present study employed a normative research design to investigate the aims and 

objectives. 

3.2. Participants 

 

A total of one hundred and thirty six native Telugu-speaking adults were considered as 

participants in the present study. The participants were divided into four major groups. Group I, 

Group II and Group III together consisted of one hundred and twenty three normo-phonic adults 

recruited randomly from community settings in Andhra Pradesh. The first group (group I) 

included 39 normo-phonic young adults (17 males and 22 females) aged 20–35 years. The second 

group (group II) included 43 normo-phonic middle-aged adults (18 males and 25 females) aged 

36–50 years. The third group (group III) included 41 normo-phonic older adults (20 males and 

21 females) aged 51–65 years. Group IV included 13 adults with dysphonia. Group I, II and III 

were referred to as control group in the present study, and Group IV as clinical group. 

3.2.1. Inclusion criteria 

Participants were considered for the study if they met the following inclusion criteria: 

 

i. Native speakers of Telugu. 

 

ii. Had learned Telugu as their first language till 10th standard. 

 

iii. Had used Telugu for at least 15 years. 

 

iv. Had resided in a Telugu-speaking region for at least 15 years. 

 

v.  Had perceptually normal voice quality as rated as Zero (‘0’) on overall grade (G) of the 

GRBAS scale (Hirano et al., 1981) by researcher 
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3.2.2 Exclusion Criteria 

 

Participants who met the following exclusion criteria, were excluded from the study; 

 

i. Had a current or recent past history of upper vocal-tract infections, chronic obstructive 

pulmonary disease, asthma, or other lung infections. 

ii. Had a history of speech, language, or hearing complaints, communication disorders, or 

neurological or cognitive impairments. 

iii. Had current or past history of alcohol, smoking, or tobacco habits. 

 

3.3. Stimuli 

 A phonation sample of vowel /a:/ was recorded for a minimum of 5 to 6 seconds, along 

with a continuous speech/reading sample in Telugu. The initial and final 1 second phonation 

sample were excluded and middle 3 seconds of phonation sample was considered for analysis. 

The standardized Telugu passage developed by Savithri & Jayaram (2005) was used for the 

reading task (continuous speech). Participants were asked to read five sentences; the first and the 

last sentences were excluded, and the middle three sentences, which contained 56 syllables, were 

considered for further analysis. 

3.4. Instrumentation 

Voice samples were recorded using Olympus LS-100 digital voice recorders with a 

sampling rate of 44.1 KHz and 16-bit resolution. The recorder-to-mouth distance was maintained 

at approximately 10 cm throughout the recording procedure. Acoustic analysis was carried out 

using Praat software (version 6.4.42, August 2025 release), which is freely available from the 

official Praat website, on a Lenovo IdeaPad 3 14ITL6 laptop. 

3.5. Procedure 

The participants were informed about the objectives, procedures, and tasks beforehand, 

and their assent (Appendix-A) was obtained prior to the recording session. The study 

followed the ethical guidelines established by the Ethics Committee for bio-behavioral 

research involving human subjects of the All India Institute of Speech and Hearing 

(Venkatesan, 2009). The participants were seated comfortably in an upright position in a noise-
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free room during the recording session. The microphone was placed 8–10 cm away from the 

participant’s mouth (Patel et al., 2018) to avoid breathing noise. 

First, the participants were made to phonate a sustained vowel /a:/ for a minimum of 5 to 

6 seconds. Second, the participants were asked to read the standardized reading passage 

(Appendix-B) continuously in the Telugu language. Both samples were recorded at the 

participant's comfortable pitch and loudness level. Each participant was made to familiarize 

with the reading material before the actual recording. Three trials of a sustained vowel 

phonations and a continuous speech sample were recorded from each of the participants. The 

best phonation out of the three trails was considered for further analysis. 

3.6. Data Analysis 

 

3.6.1. Data Screening 

Prior to acoustic analysis, all recorded samples were screened to ensure technical 

consistency across recordings. Among the one hundred and twenty three normophonic 

recordings, thirty one samples were recorded using Recorder 1 in stereo mode, while the 

remaining ninety two samples were recorded using Recorder 2 in mono mode. 

As AVQI analysis is typically carried out using a mono audio signal, the stereo-recorded 

samples obtained from Recorder 1 were converted to mono format in Praat software before 

analysis. During preliminary analysis, slight differences in AVQI values were observed between 

the converted samples and the samples originally recorded in mono mode using Recorder 2. 

These differences were considered to be potentially related to variations in recording format and 

the stereo-to-mono conversion process. To maintain uniform recording conditions for acoustic 

analysis, the thirty one samples recorded using Recorder 1 were not included in the final 

statistical analysis. Accordingly, the final analysis was carried out using ninety two normophonic 

samples and thirteen dysphonic samples recorded in mono mode with Recorder 2. 
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3.6.2. Acoustic Analysis 

 

The stable middle portion of the sustained vowel phonation /a:/ was extracted and labeled 

as “SV” (sustained vowel). Similarly, the continuous speech sample corresponding to the 

selected sentences from the standardized reading passage was extracted and labeled as “CS” 

(continuous speech). The edited samples were saved in .wav format for further analysis. 

 

The saved .wav files were analyzed using Praat software along with the AVQI script 

developed by Maryn and Weenink (2015) for obtaining AVQI version 02.02 (Barsties & 

Maryn, 2015). The AVQI script was copied into a text file and saved in “.txt” format. The .wav 

files and the corresponding script file were opened in Praat software using the “Open Praat 

script” option. Following execution of the algorithm, AVQI values and the constituent acoustic 

parameters were obtained. The AVQI script automatically extracted the constituent acoustic 

parameters, while the software algorithm generated the final AVQI value. 

 

AVQI (v02.02) proposed by Maryn and Weenink (2015) was calculated using the following 

formula: 

 

AVQI = 9.072 – 0.245CPPS – 0.161HNR – 0.470SL + 6.158ShdB – 0.071Slope + 0.170Tilt 

 

 

The following acoustic measures were extracted and tabulated: 

 

 

i. Acoustic Voice Quality Index (AVQI) 

 

ii. Smoothed Cepstral Peak Prominence (CPPS) 

 

iii. Harmonic-to-Noise Ratio (HNR) 

 

iv. Shimmer Local (SL) 

 

v. Shimmer dB (ShdB) 

 

vi. Slope of Long-Term Average Spectrum (LTAS) 
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vii. Tilt of the regression line through the Long-Term Average Spectrum (Tilt) 

 

 

The AVQI constituent parameters and AVQI scores were tabulated across the four 

groups. Figure 3.1 presents the output of AVQI analysis obtained from Praat for a normophonic 

voice sample. Figure 3.2 shows the AVQI output for a dysphonic individual. 

     

Figure 3.1 

 

Graphical representation of AVQI results for a normophonic adult 
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Figure 3.2 

 

Graphical representation of AVQI results for a dysphonic individual. 

 

 
 

 

 

3.7. Statistical Analysis 

 

The following statistical tests were performed to analyze the data obtained. Shapiro Wilks 

test of normality was done to check whether the data distributed normally. Descriptive statistics 

were carried out to document the mean and standard deviation values for AVQI and its constituent 

parameters for normophonic individuals and individuals with dysphonia. The effect of age and 

gender on AVQI scores and its constituent parameters were analysed using Two-Way MANOVA 

test. Post hoc pairwise comparisons with Bonferroni correction were performed to determine 

which age groups differed significantly from one another on AVQI scores. The difference 
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between the normophonic group and the dysphonic group on AVQI scores and its constituent 

parameters was examined using the Mann-Whitney U test. Mann-Whitney U test was done to 

check the gender differences within the dysphonic group. 
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CHAPTER IV 

RESULTS 

The present study investigated the Acoustic Voice Quality Index (AVQI) in native Telugu 

speakers, with the objectives of establishing normative reference data for AVQI across different 

age groups, examining the influence of age and gender on AVQI scores, and validating the AVQI 

in few individuals with dysphonia. A total of ninety-two normophonic individuals participated in 

the study and were distributed across three age groups: 24 young adults (10 males and 14 

females; 20–35 years) as group I, 35 middle-aged adults (12 males and 23 females; 36–50 

years) as group II, and 33 older adults (15 males and 18 females; 51–65 years) as group III. In 

addition, a dysphonic group consisting of 13 individuals also participated in the study as group 

IV (6 males and 7 females). The AVQI and its constituent parameters, namely CPPS, HNR, 

Shimmer Local (%), Shimmer Local (dB), Slope of LTAS, and Tilt through LTAS, were 

extracted from recorded sustained vowel phonation and speech samples using PRAAT 

software. Age group, gender and phonatory status served as the independent variables, while 

AVQI and its constituent parameters were treated as the dependent variables. All statistical 

analyses were performed using IBM SPSS software version 26. Descriptive statistics 

including mean (M) and standard deviation (SD) were calculated for all measures across 

groups. The Shapiro-Wilk test of normality was administered on the data across age and gender, 

where the results indicated a normal distribution of data across all subgroups (p > 0.05), 

except for Shimmer Local (%) among males in the 20–35 years age group (p = 0.012). 

Therefore, Two-way Multivariate Analysis of Variance (MANOVA) with Bonferroni-corrected 

post hoc comparisons was performed to examine the effects of age and gender on AVQI 

scores and its constituent parameters. The Mann-Whitney U test was employed to examine the 

difference between the normophonic and dysphonic groups on AVQI and its constituent 
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parameters, owing to the unequal sample sizes between the two groups. The details of these 

analyses are presented below. 

4.1.1 Comparison of AVQI across the age groups  

 

Descriptive statistics for AVQI were obtained from ninety two normophonic Telugu-

speaking individuals. Table 4.1 presents the mean and standard deviation values of AVQI 

across the three age groups for both genders. 

Table 4.1 

 

Mean (M), standard deviation (SD), Median (MD), Interquartile Range (IQR) values of AVQI  

in normo-phonic individuals 

 

Groups Gender M SD MD IQR 

Group I Males 3.14 0.58 3.39 1.08 

 Females 3.22 0.51 3.41 0.98 

 Average 3.19 0.53 3.39 0.99 

Group II Males 3.37 0.57 3.38 1.02 

 Females 2.89 0.57 2.84 0.74 

 Average 3.06 0.60 2.95 0.89 

Group III Males 3.61 0.58 3.69 0.64 

 Females 2.92 0.46 2.90 0.92 

 Average 3.24 0.61 3.23 0.93 

 

Note: M, Mean; SD, Standard Deviation; Median; IQR, Inter Quartile Range 

 

Across the three age groups, the average mean AVQI was 3.19 (SD = 0.51) for group I, 

 

3.06 (SD = 0.60) for group II, and 3.24 (SD = 0.61) for group III. In group I, females 

demonstrated slightly higher mean AVQI values. In contrast, males demonstrated higher mean 

AVQI values than females in group II and group III. 
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4.2  Comparison of constituent parameters of AVQI across the Age groups 

 

The constituent parameters of AVQI were also examined across three age groups using 

descriptive statistical measures. The mean (M) and standard deviation (SD) values for parameters 

including CPPS, HNR, Shimmer Local (%), Shimmer dB, LTAS, and LTAS Tilt obtained from 

normophonic participants in group I, group II, and group III are summarized in Table 4.2. 

Table 4.2 shows the descriptive statistics of the constituent parameters of AVQI across 

three age groups. CPPS, Shimmer dB, LTAS, and LTAS Tilt showed similar values across groups 

I, II, and III. In contrast, HNR values were lower in group III, whereas Shimmer Local values 

were relatively higher in group II and group III compared to group I. 

Additionally, a Two-way MANOVA was conducted to evaluate the influence of age on 

AVQI and its constituent parameters. The findings demonstrated no statistically significant 

effect of age on AVQI and its constituent parameters (p > 0.05). The results of two-way 

MANOVA for comparison of age as a factor on AVQI and its constituent parameters are 

represented in table 4.3. 
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Table 4.2 

 

Mean (M), standard deviation (SD), Median, and interquartile range values of the constituent parameters of AVQI among normophonic individuals across group I, 

group II, and group III 

 
  

Groups Gender CPPS  HNR  
Shimmer Local 

Shimmer dB LTAS Tilt of LTAS 

  M SD M SD M SD M SD M SD M SD 

 Males 14.82 1.11 17.18 1.37 6.45 0.86 0.63 0.07 -21.67 2.23 -11.52 0.56 

I 
Females 13.95 1.07 18.23 1.70 6.35 1.10 0.64 0.08 -20.10 3.23 -11.32 0.67 

 

  Average 14.31 1.15 17.79 1.63 6.39 0.99 0.64 0.07 -20.75 2.91 -11.40 0.62 

 
   Males 14.60 1.44 16.80 1.52 6.66 1.12 0.64 0.10 -22.3 2.39 -11.07 0.69 

II 
 Females 14.86 1.20 17.81 1.73 6.40 1.47 0.64 0.10 -19.89 2.74 -11.77 0.80 

 
Average 14.77 1.27 17.46 1.71 6.49 1.35 0.64 0.10 -20.73 2.85 -11.53 0.83 

 
   Males 14.33 1.14 16.05 1.93 7.42 1.70 0.71 0.13 -22.02 2.13 -10.7 0.59 

III 
Females 15.28 0.90 17.88 1.70 6.07 1.01 0.63 0.08 -19.38 2.70 -11.36 0.64 

 

Average 14.85 1.11 17.05 2.00 6.68 1.51 0.66 0.11 -20.58 2.76 -11.10 0.68 

 

Note: CPPS, Smoothened Cepstral Peak Prominence; HNR, Harmonic to Noise Ratio; dB, decibel; LTAS, Long-term average spectrum; M, Mean 

; SD, Standard deviation 
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4.3 Comparison of AVQI values between genders within each group 

 

Table 4.1 shows the comparison of mean AVQI values between males and females across 

the three age groups. In group I, females showed slightly higher mean AVQI values than males. 

In contrast, males recorded higher mean AVQI values than females in both group II and group 

III. 

Further, a Two-way MANOVA was performed to examine the effect of gender on AVQI 

and its constituent parameters. The analysis revealed a statistically significant main effect of 

gender on AVQI (p = 0.003), HNR (p = 0.001), Shimmer Local (%) (p = 0.044), and Slope of 

LTAS (p = 0.000) and Tilt through LTAS (p = 0.018). Higher mean values of AVQI, Shimmer 

Local and Tilt through LTAS were observed in males, whereas females demonstrated higher 

HNR values and slope of LTAS. No significant main effect of gender was observed for CPPS 

(p = 0.647) and Shimmer Local (dB) (p = 0.220) 

4.4 Effect of age group and gender on AVQI and its constituent parameters 

 

A Two-way MANOVA was performed to examine the effects of age group and gender on 

AVQI and its constituent parameters. 

4.4.1 Effect of age on AVQI and its constituent parameters 

 

The analysis of between-subjects effects indicated no statistically significant effect of age 

on AVQI and its constituent parameters (p > 0.05). The F-values, p-values, and partial eta 

squared values (results of two-way MANOVA for age comparison) for each parameter are 

presented in Table 4.3. 



41 
 

Table 4.3 

 

Results of Two-way MANOVA for age comparison on AVQI and its constituent parameters 

 

Parameters F-value p-value Partial Eta Squared 

AVQI 0.526 0.59 0.01 

CPPS 0.983 0.37 0.02 

HNR 1.274 0.28 0.02 

Shimmer Local (%) 0.518 0.59 0.01 

Shimmer Local (dB) 0.831 0.43 0.01 

Slope of LTAS 0.202 0.81 0.00 

Tilt through LTAS 2.648 0.07 0.05 

 

 

4.4.2 Effect of gender on the constituent parameters of AVQI 

 

The analysis revealed a statistically significant effect of gender on AVQI (p = 0.003), HNR (p = 

0.001), Shimmer Local (%) (p = 0.044), Slope of LTAS (p = 0.000), and Tilt through LTAS (p = 

0.018). Higher mean values of AVQI, Shimmer Local (%), and Tilt through LTAS were 

observed in males, whereas females demonstrated significant higher HNR values and Slope 

of LTAS. No statistically significant effect of gender was observed for CPPS and Shimmer 

Local (dB) (p > 0.05). The F-values, p-values, and partial eta squared values are summarized in 

Table 4.4. 

 

Table 4.4 

 

Results of Two-way MANOVA for gender comparison on AVQI and its constituent parameters 
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Parameter F-value p-value Partial Eta Squared 

AVQI 9.244 0.00* 0.097 

CPPS 0.211 0.64 0.002 

HNR 12.458 0.00* 0.127 

Shimmer Local (%) 4.178 0.04* 0.046 

Shimmer Local (dB) 1.525 0.22 0.017 

Slope of LTAS 15.164 0.00* 0.150 

Tilt through LTAS 5.860 0.01* 0.064 

 

* indicates significant difference at 0.05 level 

 

 

4.4.3 Interaction effect of age and gender 

 

A statistically significant interaction effect between age and gender was observed for 

AVQI, CPPS, and LTAS Tilt (p < 0.05). Specifically, a significant difference was observed for 

the age*gender interaction effect for AVQI, F (2) = 3.531 (p < 0.05); CPPS, F (2) = 4.284 (p < 

0.05); and LTAS Tilt, F (2) = 3.259 (p < 0.05). However, no significant interaction effect was 

observed between age and gender for HNR, F (2) = 0.573 (p > 0.05); Shimmer Local (%), F (2) 

= 2.099 (p > 0.05); Shimmer Local (dB), F (2) = 1.871,(p > 0.05); and Slope of LTAS, F (2) = 

0.311, (p > 0.05). 
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Figure 4.1 

 

Mean AVQI, CPPS, HNR and shimmer Local (%) values between Males and Females across 

three groups 

                       

  

 

A) Mean AVQI between males and females across 

three groups 

B) Mean CPPS between males and females across 

three groups 

 

 

 

 

             
  

C) Mean HNR between males and females across 

three groups 

D) Mean Shimmer Local (%) between males and 

females across three groups 
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Figure 4.2 

 

Mean shimmer Local dB ,slope of LTAS, and Tilt through LTAS values between males and 

females across three groups. 

 

     

 

 

 

 

 

 

A) Mean Shimmer Local (dB) between males 

and females across three groups 

 

B) Mean Slope of LTAS between males 

and females across three groups 

 

 

 

 

 

 

 

C) Mean Tilt through LTAS between males and 

females across three groups 
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4.5 Post Hoc analysis 

 

Post hoc analysis using the Tukey HSD test was performed for pairwise comparisons across 

three age groups. AVQI, CPPS, HNR, Shimmer Local (%), Shimmer Local (dB), and LTAS Slope 

were grouped within a single homogeneous subset, indicating no significant pairwise differences 

among the age groups for these parameters. 

There was no significant difference found for Tilt through LTAS between group I and group 

 

II. Similarly, no significant difference was observed for Tilt through LTAS between group I and 

group III. But, a significant difference was noticed for Tilt through LTAS between group II and 

group III. 

Table 4.5 

 

Results of Tukey’s HSD Post hoc test for between group comparison of AVQI parameters 
 

 

Age Group  
AVQI 

 
CPPS 

 
HNR 

Shimmer Shimmer Slope of Tilt through 

Comparison    Local (%) Local (dB) LTAS LTAS 

Group I vs        

Group II 
p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 

Group I vs 
       

 p > 0 .05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 

Group III        

Group II vs 
       

Group III 
p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p < 0.05 
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4.6 Comparison of AVQI and its constituent parameters between normophonic and 

dysphonic Individuals 

The comparison of AVQI and its constituent acoustic parameters was extracted and 

tabulated for thirteen dysphonic individuals (group IV). The descriptive statistics, including 

mean (M) and standard deviation (SD), obtained for the dysphonic group (group IV ) are 

presented in Table 4.6. 

Table 4.6 

 

Mean (M) and Standard Deviation (SD) values of AVQI and its constituent parameters among 

dysphonic individuals (group IV ) 

 

Paramters M SD 

AVQI 5.33 1.73 

CPPS 10.26 3.33 

HNR 13.47 4.37 

Shimmer Local (%) 10.81 3.86 

Shimmer Local (dB) 1.02 0.29 

Slope of LTAS -20.96 3.83 

Tilt through LTAS -10.34 1.43 

 

 

 

Note: M, Mean; SD, Standard Deviation; AVQI, Acoustic Voice Quality Index; CPPS, 

Smoothened Cepstral Peak Prominence; HNR, Harmonic to Noise Ratio; dB, decibel; LTAS, 

Long-term average spectrum 
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The obtained values showed that the dysphonic group demonstrated higher mean scores 

for AVQI, Shimmer Local (%), Shimmer Local (dB) and Tilt through LTAS when compared 

with the normophonic group. In contrast, lower mean values were observed for CPPS and 

HNR in the dysphonic participants (group IV). The Slope of LTAS parameter exhibited nearly 

equivalent values in the two groups. Graphical representation of comparison of Mean values of 

AVQI and its constituent acoustic parameters between normophonic and dysphonic 

individuals is shown in Figure 4.3. 

Figure 4.3 A.  

Comparison of Mean values of AVQI, CPPS, HNR, Shimmer (%), and Shimmer (dB) among 

normophonic males, normophonic females, and dysphonic individuals. 
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Figure 4.3.B.  

Comparison of  Mean values of slope of  LTAS and Tilt through LTAS among normophonic males, 

normophonic females, and dysphonic individuals 

 

 

 

 

 

 

 

 

 

 

 

To examine group differences statistically, the Mann–Whitney U test was applied for 

AVQI and its constituent parameters. The analysis demonstrated statistically significant 

differences between the normophonic and dysphonic groups for AVQI, CPPS, HNR, Shimmer 

Local (%), Shimmer Local (dB), and Tilt through LTAS (p < 0.05). However, no statistically 

significant difference was identified for Slope of LTAS (p = 0.782). The findings of the 

Mann–Whitney U test are presented in Table 4.7. 
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Table 4.7 

 

Results of Mann–Whitney U test comparing normophonic and dysphonic groups on AVQI and 

its constituent parameters  
 

 

Acoustic Measures Mann–Whitney U |Z| p-value 

AVQI 74.00 5.09 < 0.00* 

CPPS 50.50 5.32 < 0.00* 

HNR 218.00 3.69 < 0.00* 

Shimmer Local (%) 108.00 4.76 < 0.00* 

Shimmer Local (dB) 74.500 5.09 < 0 .00* 

Slope of LTAS 569.500 0.27 0.782 

Tilt through LTAS 295.500 2.94 0.003* 
 

‘*’ indicates significant difference at 0.05 level 

 

 

 

 

4.7 Establishing normative data for AVQI and its constituent parameters in Telugu 

speaking adults 

Table 4.8 presents the normative reference data of AVQI and its constituent parameters for 

native Telugu speaking normophonic adults across three age groups: young adults (group I), 

middle-aged adults (group II), and older adults (group III) separately for males and females. 

Since the AVQI scores did not show a significant effect of age, the reference measures are 

presented collectively across all three age groups in Table 4.8 . However, as gender was found 

to have a significant influence on AVQI scores, separate reference values are provided for 

males and females. These values may serve as preliminary normative reference data for the 

assessment of voice quality in native Telugu speaking adults using the Acoustic Voice Quality 

Index. 
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The overall mean AVQI for native Telugu-speaking normophonic adults aged 20–65 years 

was 3.41 (SD = 0.59) for males and 2.99 (SD = 0.53) for females, across all three age groups 

combined. The overall median AVQI for native Telugu-speaking normophonic adults aged 20–

65 years was 3.49 (IQR= 0.91) for males and 3.05 (IQR = 0.88) for females, across all three 

age groups combined.   
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Table 4.8 

 

Reference scores of AVQI (M and SD) and its constituent parameters in native Telugu speaking normophonic adults across three age groups and between males 

and females 
 

 

 

Parameters 20–35 years 

 (Group I) 

36–50 years 

 (Group II) 

51–65 years 

 (Group III) 

Average 

 Males Females Males Females Males Females Males Females 

 M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

AVQI 3.14 (0.58) 3.23 (0.52) 3.37 (0.58) 2.90 (0.57) 3.62 (0.58) 2.93 (0.46) 3.41 (0.59) 2.99 (0.53) 

CPPS 14.82 (1.12) 13.96 (1.08) 14.61 (1.45) 14.87 (1.20) 14.33 (1.14) 15.28 (0.91) 14.55 (1.22) 14.77 (1.17 ) 

HNR 17.18 (1.38) 18.23 (1.71) 16.81 (1.52) 17.81 (1.74) 16.06 (1.93) 17.89 (1.70) 16.60 (1.69) 17.94 (1.69) 

Shimmer Local (%) 6.45 (0.87) 6.35 (1.10) 6.66 (1.13) 6.41 (1.47) 7.42 (1.71) 6.07 (1.01) 6.91 (1.37) 6.28 (1.23) 

Shimmer Local (dB) 0.64 (0.07) 0.65 (0.08) 0.65 (0.11) 0.64 (0.11) 0.72 (0.13) 0.63 (0.09) 0.67 (0.11) 0.63 (0.09) 

Slope of LTAS 21.67 (2.23) -20.11 (3.24) -22.35 (2.39) -19.89 (2.75) -22.02 (2.14) -19.38 (2.70) -22.03 (2.20) -19.77 (2.82) 

Tilt through LTAS -11.52 (0.57) -11.32 (0.67) -11.08 (0.70) -11.77 (0.81) -10.78 (0.60) -11.37 (0.65) -11.07 (0.67) -11.52 (0.74) 

Note: M, Mean; SD, Standard deviation (depicted in parenthesis) 
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Table 4.9 

 

Median and Interquartile Range scores of AVQI and its constituent parameters in native Telugu speaking normophonic adults across three age groups and 

between males and females 

 

Parameters 20–35 years 

 (Group I) 

36–50 years 

 (Group II) 

51–65 years 

 (Group III) 

Average 

 Males Females Males Females Males Females Males Females 

AVQI 3.39 (1.08) 3.41 (0.98) 3.38 (1.02) 2.84 (0.74) 3.69 (0.64) 2.90 (0.92) 3.49 (0.91) 3.05 (0.88) 

CPPS 14.71 (1.59) 13.66 (1.95) 14.43 (2.42) 14.97 (1.63) 14.43 (1.42) 15.02 (1.37) 14.53 (1.81) 14.55 (1.65) 

HNR 17.50 (2.67) 18.37 (2.84) 16.98 (2.63) 18.02 (2.30) 16.76 (3.09) 17.78 (1.94) 17.08 (2.80) 18.06 (2.36) 

Shimmer Local (%) 6.26 (0.98) 6.19 (1.55) 6.47 (1.08) 6.51 (2.30) 7.42 (1.56) 5.82 (1.51) 6.72 (1.21) 6.17 (1.79) 

Shimmer Local (dB) 0.61 (0.13) 0.64 (0.11) 0.64 (0.12) 0.63 (0.13) 0.71 (0.10) 0.60 (0.12) 0.65 (0.12) 0.63 (0.12) 

Slope of LTAS -21.92 (3.54) -19.61 (4.16) -22.64 (4.70) -19.91 (4.47) -22.44 (3.41) -18.56 (4.45) -22.34 (3.88) -9.36 (4.36) 

Tilt through LTAS 11.55 (0.99) -11.30 (1.25) -11.29 (0.84) -11.66 (1.07) -10.86 (0.71) -11.43 (0.73) -11.24 (0.85) -11.47 (1.02) 

Note: Values in parenthesis indicates Inter quartile range  
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CHAPTER V  

DISCUSSION 

 

The present study investigated the Acoustic Voice Quality Index (AVQI 

v02.02) in native Telugu-speaking adults with the following objectives: to establish 

normative reference data for AVQI in Telugu-speaking adults aged 20-65 years, to 

examine the effect of age and gender on AVQI and its constituent parameters, and 

to validate the obtained AVQI value in a few dysphonic individuals. The following 

sections discuss the above objectives based on the findings of the study. 

5.1. AVQI in Telugu-speaking adults 

 

The overall mean AVQI value obtained for native Telugu-speaking adults 

aged 20–65 years was M = 3.41 (SD = 0.59) for males and M = 2.99 (SD = 0.53) for 

females. The AVQI values obtained in the present study were similar to those 

reported in other Indian language populations, including Malayalam-, Kannada-, 

and Tamil-speaking adults (Benoy & Jayakumar, 2017; Vishali, 2019). These 

findings suggest that AVQI values are generally comparable across Dravidian 

languages. The current findings are also in agreement with those reported in several 

non-Indian language populations, including Dutch with an AVQI value of 2.80 

(Barsties & Maryn, 2015), German with 2.70 (Barsties & Maryn, 2012), French with 

3.07 (Maryn et al., 2014), English with 3.25 (Maryn et al., 2014), Australian English 

with 3.46 (Reynolds et al., 2012), Japanese with 3.15 (Hosokawa et al., 2017), 

Korean with 3.33 (Kim et al., 2018b), Lithuanian with 2.97 (Uloza et al., 2018), 

Finnish with 3.09 (Kankare et al., 2019), and Persian with 3.47 (Zainaee et al., 2022). 

Slight variation in normative AVQI values can be observed across language 

populations. These differences may be influenced by linguistic factors such as 
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phonological and prosodic characteristics, as well as methodological factors 

including sample size, participant age range, recording procedures, speech materials, 

equipment employed and analysis methods. Maryn et al. (2014) reported no 

significant cross-linguistic differences across English, Dutch, French, and German 

populations. Overall, the Telugu AVQI values obtained in the present study fall 

within the range reported in both Indian and non-Indian language populations. 

5.2. Effect of age on AVQI and its constituent parameters 

 

The findings of the present study revealed no significant effect of age on 

AVQI among native Telugu-speaking adults aged 20–65 years. That is, young 

adults aged between 20-35 years, then middle-aged adults aged between 36-50 

years, and then older adults aged between 51 to 65 years did not differ significantly 

on AVQI and its constituent parameters (except tilt through LTAS). This suggests 

that AVQI remained relatively stable across the adult age range examined in the 

study. The current findings are in agreement with earlier research noting little to no 

influence of age on AVQI. Latoszek et al. (2019) found that AVQI was not 

significantly associated with age in normophonic adults aged 20–79 years. Similar 

results have been observed among some Indian populations. Benoy and Jayakumar 

(2017) found no significant age-related differences in AVQI among Malayalam- 

and Kannada-speaking adults aged between 20-50 years of age and Vishali (2019) 

reported similar results for Tamil-speaking adults aged between 20-50 years of age. 

Jayakumar et al. (2022) noted that AVQI remained relatively stable within the adult 

age range between 20-50 years of age. However, significant age-related effects 

were observed only when participants across the entire lifespan( wide spectrum of 

age range, 8-70 years of age), including paediatric and geriatric groups, were 

considered. The systematic review by Batthyany et al. (2022) further concluded 

that age has little or no significant influence on AVQI.  
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Although ageing is associated with well documented structural and functional 

changes in the larynx such as changes in the vocal fold tissue, muscle function, and 

vibratory behaviour, these changes do not appear to produce measurable differences 

in AVQI among adults aged 20 to 65 years. Yamauchi et al. (2015) demonstrated that 

older adults show greater vocal fold vibratory asymmetry than younger adults, and 

therefore, some age-related changes in physiology will definitely show changes at a 

biomechanical level. However, Santos et al. (2023) found no significant age-related 

differences in shimmer, jitter, HNR, or several other acoustic parameters across 

adults aged 30 to 79 years, and Rojas et al. (2020) concluded that meaningful 

perturbation changes generally become more apparent only after 70 years of age. 

The current results support this pattern, indicating that age-related physiological 

changes between the ages of 20 and 65 years might not be sufficiently enough to 

result in significant differences or changes in AVQI or most of its constituent 

parameters. 

The constituent acoustic measures showed a similar pattern as AVQI. CPPS, 

Shimmer Local (dB) and Slope of LTAS values were mostly similar across the three 

age groups. The older age groups had higher Shimmer Local (%) values and lower 

HNR values, but these differences were not statistically significant. Similar findings 

have been reported by Benoy and Jayakumar (2017) and Santos et al. (2023), who 

found no significant age-related differences in shimmer %, shimmer (dB) and HNR 

across adults aged 30–79 years. The relatively stable CPPS values across age groups 

suggest that the periodicity and harmonicity of the voice were largely maintained 

from 20 years to 65 years of age. Likewise, the non-significant differences observed 

for HNR and shimmer measures indicate that age-related changes in noise 

components and amplitude perturbation were minimal within the age range studied. 

The stable slope of LTAS further suggests that the overall distribution of spectral 

energy across different frequencies in the voice remained largely unchanged from 
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adulthood to older adults (up to 65 years of age). These results imply that, 

although some acoustic measures may exhibit slight age-related trends, they are 

unlikely to be significant enough to result in differences in the study population. 

A notable variation was observed for the Tilt through LTAS parameter, 

which showed a significant difference between group II (36–50 years) and group III 

(51–65 years) in the post hoc analysis. This finding can possibly be the result of 

subtle age-related changes in the vocal folds. Rojas et al. (2020) reported that ageing 

is linked with reductions in connective tissue components and hyaluronic acid, which 

can impact the biomechanical characteristics of the vocal folds. Such changes may 

be reflected more easily in spectral measures like LTAS than in perturbation-based 

measures. However, despite this isolated difference in Tilt through LTAS, no 

significant effect of age was observed for overall AVQI and other parameters, 

suggesting that age-related changes within the adult age range were not sufficient to 

substantially influence the composite Acoustic voice quality index. 

5.3. Effect of gender on AVQI and its constituent parameters 

A significant effect of gender was observed on AVQI in the present study, 

with males showing higher AVQI values than females. This finding differs from 

several earlier studies that reported no significant gender effect on AVQI (Latoszek 

et al., 2019; Batthyany et al., 2022; Benoy & Jayakumar, 2017; Hippargekar et al., 

2022; Shabnam & Pushpavathi, 2022; Vishali, 2019). However, significant gender 

differences were also observed in several constituent parameters of AVQI in the 

present study, including HNR, Shimmer Local (%), Slope of LTAS, and Tilt through 

LTAS. Since AVQI is a composite measure derived from multiple acoustic 

parameters, the cumulative influence of these gender-related differences may have 

contributed to the significant difference observed in the overall AVQI score. 
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Jayakumar et al. (2022) similarly noted that individual acoustic parameters may 

demonstrate gender sensitivity even when the composite AVQI does not, and that the 

overall AVQI outcome depends on the combined contribution of its constituent 

measures. 

Among the constituent parameters, a significant gender difference was 

observed for Shimmer Local (%), with males showing higher values than females. 

Shimmer Local reflects amplitude perturbation during phonation, and higher values 

indicate greater variability in vocal fold vibration. The higher shimmer values 

observed in males may be related to anatomical and physiological differences in voice 

production. Yamauchi et al. (2015) reported larger vocal fold vibration amplitudes in 

males, while Zhang (2021) reported greater airflow and vocal fold vibration 

amplitudes in adult males due to differences in vocal fold dimensions. Similar findings 

have also been reported in previous studies (Rojas et al., 2020; Santos et al., 2023; 

Shabnam & Pushpavathi, 2022). Although Shimmer Local (dB) was also higher in 

males, the difference was not statistically significant, suggesting that this measure 

may be relatively less sensitive to gender-related differences than Shimmer Local 

(%). 

HNR was significantly higher in females than in males. Harmonic to Noise 

Ratio is the ratio of harmonic energy to noise in the voice signal; higher HNR values 

indicate a clearer and more periodic voice. The lower HNR observed in males may be 

due to differences in vocal fold vibration and glottal closure during phonation, which 

can lead to increased noise in the voice signal (André et al., 2022). Goy et al. (2013) 

also reported higher HNR values in females and similar findings have been observed 

in studies investigating AVQI and its constituent parameters (Benoy & Jayakumar, 

2017; Jayakumar et al., 2022). The present findings are therefore consistent with the 

above mentioned studies showing higher HNR values in females. However, not all 



58 
 

studies have found a significant gender difference in HNR. Hippargekar et al. (2022) 

reported no gender difference in HNR among Indian normophonic adults, and 

Teixeira and Fernandes (2014) found gender differences only for jitter, but not for 

HNR. Different results reported across studies might be attributed to variations in 

sample size, age range, language background, and acoustic analysis procedures. 

In the current study, the slope of LTAS demonstrated a significant gender 

effect, with males having more negative slope values than females, indicating poorer 

voice quality in males than in females. The LTAS slope reflects the distribution of 

spectral energy from lower to higher frequencies, with males having a more negative 

slope indicating a greater concentration of energy in the lower frequency region. This 

is in agreement with known acoustic differences between male and female voices, 

with males having a lower fundamental frequency and longer vocal fold length, 

resulting in greater energy concentration in the lower frequency range (Zhang, 

2021). 

CPPS did not differ significantly between males and females in the current 

study. CPPS determines the strength of the cepstral peak and the degree of 

periodicity in the voice signal. Benoy and Jayakumar (2017) and Jayakumar et al. 

(2022) found no significant gender differences, which is consistent with the current 

findings, although Shabnam and Pushpavathi (2022) reported higher CPPS values in 

males than females. The conflicting results from various studies indicate that 

gender may have little effect on CPPS and may differ depending on the population 

and study samples. 

The significant gender differences observed in HNR, Shimmer Local (%), 

Slope of LTAS, and Tilt through LTAS may have contributed to the gender 

difference in AVQI. However, as previous studies have generally reported little or 

no effect of gender on AVQI, further research is needed with larger sample size 

among Telugu speaking participants to better understand the influence of gender.
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5.4. Interaction effect of age and gender on AVQI and its constituent parameters 

A significant interaction between age group and gender was observed for a 

few parameters like AVQI, CPPS, and Tilt through LTAS, suggesting that age-

related changes in these measures were not the same for males and females. 

Although age alone did not have a significant effect on AVQI, and gender effects 

were observed only for some parameters, the interaction findings indicate that the 

influence of age may differ between men and women. Previous studies have also 

suggested that vocal ageing does not occur in the same way across genders (Goy et 

al., 2013; Rojas et al., 2020). The interaction effects observed for CPPS and Tilt 

through LTAS further suggest that age-related changes in cepstral and spectral voice 

measures may vary between males and females. However, studies examining age and 

gender interactions in AVQI are limited, making it difficult to compare the present 

findings with earlier research. Therefore, further studies with larger samples are 

needed to better understand these interaction effects. 

5.5. Comparison of AVQI and its constituent parameters between normophonic 

and dysphonic Individuals 

AVQI is a sensitive tool for identifying pathological voice. The current study 

found significantly higher AVQI scores in dysphonic individuals than in normophonic 

individuals, indicating poorer overall voice quality in the dysphonic group. This 

finding is in agreement with previous studies that have reported higher AVQI values 

in individuals with dysphonia (Benoy & Jayakumar, 2017; Vishali, 2019; Batthyany 

et al., 2022). The strong discriminative ability of AVQI has also been determined 
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through the pooled AUC, sensitivity, and specificity values reported by 

Batthyany et al. (2022) and Jayakumar and Benoy (2022). 

CPPS and HNR were significantly lower in the dysphonic group than 

in the normophonic group. Lower CPPS and HNR values in dysphonic 

individuals indicate reduced voice periodicity and increased noise in the voice 

signal, reflecting the irregular vocal fold vibration commonly associated with 

voice disorders. Similar findings have been reported in previous studies by 

Heman-Ackah et al. (2014), and André et al. (2022). Heman Ackah et al. (2014) 

reported that the mean CPPS value was significantly lower in dysphonic voices 

(2.57 ± 1.05) than in normal voices (4.77 ± 0.97), demonstrating the usefulness 

of CPPS in differentiating normal and dysphonic voice samples. Likewise, 

André et al. (2022) observed that pathological voices exhibited lower HNR 

values than healthy voices. 

Shimmer Local (%) and Shimmer Local (dB) were significantly higher 

in the dysphonic group. Increased shimmer values indicate greater cycle-to-

cycle amplitude variation, which is characteristic of dysphonic voices and may 

be associated with hoarseness, breathiness, and vocal instability (Teixeira et al., 

2013). Similar findings have been reported by Hippargekar et al. (2022) who 

observed significantly elevated shimmer local (%) values in pathological voices 

(4.86%-6.59%) compared to normal healthy voices (2.52%-3.23%) across the 

phonation of vowels /a/, /i/, and /u/. 

The dysphonic group also demonstrated higher Tilt through LTAS 

values, indicating changes in the spectral characteristics of the voice associated 

with vocal pathology. However, Slope of LTAS remained similar across the 
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two groups. A comparable observation was reported by Benoy and Jayakumar 

(2017), indicating that this parameter may be less useful than other AVQI 

components in distinguishing normophonic and dysphonic voices, as it appears 

to have limited sensitivity to voice quality changes associated with dysphonia. 
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                                               CHAPTER VI 

                                SUMMARY AND CONCLUSIONS 

 

The human voice is multidimensional, and describing its quality with a 

single acoustic parameter is not enough. Researchers found that no single 

acoustic measure could fully reflect how a listener perceives the overall quality 

of a voice. This resulted in the development of multiparametric measures, which 

combine multiple acoustic parameters into a single value. The Dysphonia 

Severity Index was among the first such measures (Wuyts et al., 2000). 

However, it required parameters such as the highest frequency and the lowest 

intensity, which are time-consuming to obtain and need high-quality 

instrumentation, making it difficult to apply in routine clinical practice. Also, 

the DSI was derived primarily from sustained vowel phonation and did not 

include connected speech samples in its analysis. To address these limitations, 

researchers aimed for a measure that was simple and easy to use. 

Maryn et al. (2010) introduced the Acoustic Voice Quality Index 

(AVQI) to address this need. It combines a sustained vowel and a continuous 

speech sample and gives a single score that reflects the overall quality of the 

voice. The AVQI is calculated from six acoustic parameters, namely smoothed 

cepstral peak prominence (CPPS), harmonics-to-noise ratio (HNR), shimmer 

local (%), shimmer local (dB), the slope of the long-term average spectrum, and 

its tilt. The AVQI can be computed using the freely available Praat software, 

has been found to correlate well with perceptual ratings of voice. Because of 

these advantages, it is widely used. Reference values for AVQI have been 
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reported in many languages, such as Dutch, German, French, English, Korean, 

Lithuanian, Finnish, and Persian. In Indian languages, normative values for 

AVQI have been established for Malayalam and Kannada (Benoy, 2017) and 

for Tamil (Vishali, 2019). To date, however, no study has reported normative 

reference data for AVQI version 02.02 in Telugu-speaking adults. 

Therefore, the present study was carried out to establish normative 

reference data for AVQI (version 02.02) in normophonic Telugu-speaking 

adults between 20 and 65 years of age. The study also investigated how age and 

gender influenced AVQI and its parameters, and validated the obtained AVQI 

normative value in a few individuals with dysphonia. 

A normative research design was used for the study. A total of one 

hundred and thirty six native Telugu-speaking adults took part in the study. 

They were divided into four groups. Groups I, II, and III included one hundred 

and twenty three normophonic adults who were recruited from community 

settings in Andhra Pradesh, namely 39 young adults (17 males and 22 females; 

20-35 years) as group I, 43 middle-aged adults (18 males and 25 females; 36-50 

years) as group II, and 41 older adults (20 males and 21 females; 51-65 years) 

as group III. Group IV included 13 adults with dysphonia (6 males and 7 

females; 20-65 years). To keep the recording format the same for all samples, 

the samples that are recorded in stereo mode were removed during data 

screening. The final analysis was therefore carried out on 92 normophonic 

samples distributed across three age groups: 24 young adults (10 males and 14 

females; 20–35 years) as group I, 35 middle-aged adults (12 males and 23 

females; 36–50 years) as group II, and 33 older adults (15 males and 18 females; 

51–65 years) as group III and 13 dysphonic samples (6 males and 7 females; 20-
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65 years) as group IV all recorded in mono mode. 

Each participant phonated the vowel /a:/ for 5 to 6 seconds, and the 

middle 3 seconds were extracted and used for further analysis. The participants 

also read the standardized Telugu passage (Savithri & Jayaram, 2005), from 

which the middle three sentences which contained 56 syllables were used as the 

continuous speech sample. The recordings were made in a quiet room using an 

Olympus LS-100 recorder (44.1 KHz sampling rate, 16-bit resolution), keeping 

a distance of about 10 cm between the mouth and the microphone. The samples 

were analysed in Praat software (version 6.4.42), installed on a Lenovo IdeaPad 

3 14ITL6 laptop, using the AVQI version 02.02 script (Maryn & Weenink, 

2015). The following measures were obtained: 

• Acoustic Voice Quality Index (AVQI) 

• Smoothed Cepstral Peak Prominence (CPPS) 

• Harmonic-to-Noise Ratio (HNR) 

• Shimmer Local (SL) 

• Shimmer Local dB (ShdB) 

• Slope of the Long-Term Average Spectrum (LTAS) 

• Tilt through the Long-Term Average Spectrum (Tilt) 

The Shapiro-Wilk test was used to check whether the data were 

normally distributed, and descriptive statistics (mean and standard deviation) 

were calculated. A two-way MANOVA with Bonferroni post hoc tests was used 

to find out whether age and gender influenced the AVQI scores and the related 

parameters, and Mann-Whitney U test was used to compare the normophonic 

and dysphonic groups. 

According to the findings, normophonic Telugu-speaking adults 
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between the ages of 20 and 65 years had mean AVQIs of 3.41 (SD = 0.59) for 

men and 2.99 (SD = 0.53) for women. The AVQI values for Telugu speakers 

fall within the range reported in previous studies, as these values are comparable 

to those reported for other Indian and non-Indian languages. 

In the present study, neither the AVQI nor its parameters were 

influenced by age. This shows that AVQI stayed relatively stable throughout the 

adult age groups till 65 years of age examined in the study. The post hoc test 

revealed that group II and group III differed only in Tilt through LTAS 

parameter, which had no impact on the overall AVQI. This suggests that the 

voice changes that occur between 20 and 65 years of age may not have 

significant changes that can cause differences in AVQI  

Gender, however, showed a significant effect. Males had higher values 

for AVQI, Shimmer Local (%), and tilt through LTAS, whereas females had 

higher HNR values and slope of LTAS. Males and females had similar CPPS 

and Shimmer Local (dB) values. Because AVQI is composed of several 

parameters, the combined effect of these gender differences could have resulted 

in the observed difference in the overall AVQI. A significant interaction 

between age and gender was also discovered for AVQI, CPPS, and Tilt of 

LTAS but further research involving larger sample size is needed to confirm 

these trends.  

The dysphonic group had a significantly higher mean AVQI (5.33) 

than the normophonic group, indicating poorer overall voice quality. 

Additionally, the dysphonic group had significant lower CPPS and HNR values 

and significant higher shimmer values, suggesting a less periodic, noisier, and 

more unstable vocal signal. Differences were also observed in the LTAS 
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parameters, with LTAS slope showing comparable values between the groups( 

i.e no difference between normals and dysphonics ), whereas tilt through LTAS 

is significantly lower in normophonic compared to dysphonic participants. 

Collectively, these findings suggest that AVQI and its constituent acoustic 

measures may be useful in distinguishing between normophonic and dysphonic 

voices. More dysphonic participants are warranted in future studies to establish 

the Receiver Operating Characteristic curve and to calculate sensitivity and 

specificity of AVQI and its related parameters in Telugu speaking population. 

The comparison between the normophonic and dysphonic groups 

involved relatively small number of participants and should therefore be 

interpreted with caution. Future studies involving larger and more diverse 

samples would be valuable for further examining these findings. Nevertheless, 

the present study provides reference values for AVQI (version 02.02) in Telugu-

speaking adults and adds to the existing literature on AVQI in the Indian 

population. The observed gender-related differences in AVQI also suggest the 

need for further exploration of gender-specific reference values. Overall, the 

study provides preliminary data on AVQI in Telugu-speaking adults for the age 

range 20- 65 years, which may be helpful in conducting future research and 

clinical investigations. 

The results of the present study revealed several points of interest;                          

 First, the overall median AVQI value obtained for normophonic 

Telugu-speaking adults of age range between 20-65 years is 3.49 (IQR: 0.91) 

for males and 3.05 (IQR: 0.88) for females. The study further, highlights, the 

mean value of AVQI in males is 3.41 (SD = 0.59) and 2.99 (SD = 0.53) in 

females. The obtained AVQI value between 20 and 65 years old Telugu 
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speaking normophonic individuals are in line with the published AVQI values 

across languages.   

 Second, the AVQI values showed minimal variation across three age 

groups (young, middle aged, and older adults), though there was no statistical 

significant differences between the age groups. The present study did not find 

age as a factor on AVQI and its constituent parameters in Telugu-speaking 

adults. However, one of the AVQI constituent parameter, Tilt through LTAS 

showed a significant difference between middle-aged (group II) and older adults 

(group III), which needs to be investigated further with large sample size. 

 Third, gender had a significant influence on AVQI value, where males 

had higher AVQI value than females. Additionally, gender significantly 

influenced several constituent parameters of AVQI including HNR, Shimmer 

Local (%), Slope of LTAS, and Tilt through LTAS. It was found that, HNR and 

Slope of LTAS were significantly higher in females and Shimmer Local (%), 

and Tilt through LTAS were significantly higher in males. On the other hand, 

CPPS and Shimmer Local (dB) were found to be not influenced by gender. 

However, such gender differences in AVQI and its constituent parameters need 

further exploration with a large sample size in Telugu speaking adults.   

 Fourth, significant differences were observed between normophonic 

and dysphonic individuals for AVQI and five of its six constituent parameters 

(CPPS, HNR, Shimmer Local %, Shimmer Local dB, and Tilt through LTAS). 

Dysphonic individuals showed significantly higher AVQI values than 

normophonic individuals, indicating poorer overall voice quality. Except Slope 

of LTAS, other constituent parameters of AVQI revealed significant difference 

between normophonic and dysphonic individuals. Abnormality in vocal fold 
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vibration, in terms of periodicity, glottal closure, or noise component in voice or 

tremor in voice may all lead to poor voice quality in individuals with dysphonia. 

Thus, resulted in abnormal values of AVQI and its constituent parameters in 

dysphonic individuals. 

 Fifth, the findings of the present study support the usefulness of AVQI 

(v02.02) as an objective measure for assessing voice quality and distinguishing 

dysphonic voices from normophonic voices in Telugu-speaking adults. 

Implications of the study 

• The present study provides preliminary normative reference values for 

AVQI (version 02.02) in Telugu-speaking adults between 20 and 65 

years of age. These reference values may be useful for future clinical 

and research applications involving Telugu-speaking populations. 

• The findings of the present study provide preliminary information on 

the influence of age and gender on AVQI and its constituent 

parameters in Telugu-speaking adults. Further research involving larger 

samples may help clarify these relationships and contribute to the 

development of appropriate reference values. 

• The normative reference data established in the present study may 

serve as baseline information for future investigations examining voice 

quality in Telugu-speaking individuals, including studies involving 

voice disorders and treatment outcomes. 
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Limitations of the study 

• The number of participants in dysphonic group was small (N = 13) 

compared with the normophonic group (N = 92). 

• Although efforts were made to maintain consistency in the recording 

procedure, a small portion of recordings was obtained in a different 

recording mode (stereo), as a result, these samples were excluded 

during data screening. This reduced the final sample size available for 

final analysis. 

• Although voice recordings were recorded in a quiet environment, it can 

be challenging to maintain acoustic background exactly the same 

during every recording procedure. Minor variations in background 

noise and recording conditions may have influenced some acoustic 

measurements in the study. 

Future directions 

• The present study established normative reference values for AVQI 

(version 02.02) only in Telugu-speaking adults between 20 and 65 

years of age. Future studies may investigate AVQI in other age groups, 

such as children or beyond 65 years of age. 

• The findings related to the comparison between normophonic and 

dysphonic voices were based on a relatively small sample of 

individuals with dysphonia. Future studies involving a larger sample of 

individuals with dysphonia may help establish diagnostic cut-off values 

for AVQI in Telugu-speaking populations and further examine its 

clinical utility. 
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• The present study observed significant gender-related differences in 

AVQI. Future studies with larger samples may further investigate the 

influence of gender on AVQI and examine the need for gender-specific 

reference values. 

•  The present study used AVQI version 02.02. Future research may 

establish normative and diagnostic reference values for AVQI version 

03.01 in Telugu-speaking adults and compare its performance with 

version 02.02. 

• The applicability of AVQI as an objective measure for monitoring 

treatment outcomes in voice disorders may be investigated in future 

studies. 
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 APPENDIX - A 

 

                                                 Informed Consent 

 
I have been informed about the procedures of the study. The possible risks 

and benefits of my participation as a human subject in the study are clearly 

understood by me. I understand that I have a right to refuse participation as a subject 

or withdraw my consent at any time. I am also aware that by subjecting this 

investigation, I must give more time for assessments by the investigating team and 

that these assessments may/may not benefit me. I have the freedom to write to 

Chairman AEC, in case of any violation of these provisions without the danger of 

me being denied any rights to secure the clinical services at this institute. 

I,   the undersigned, give my consent to 

be a participant in this investigation/study/program. 

 

 

 
Signature of Participant 

(Name and address) 

 

 
Signature of the researcher: 

 
Name and Designation: Ms. Keerthana Katti, II MSc. SLP 

 

 

 

 

 

 

 

 

 
Date: 
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APPENDIX B 

 

Reading Passage in Telugu (Source: Savithri & Jayaram, 2005) 

 

                    

 

 

 

ధనపతి అనే వా్య పారి ఉండేవ్యడు, బొజ్జ బ్రాహ్మ ణునికి ఇతనికీ ాలా్ ం నంచే 

స్నే హ్ం ఉండేది. ఒకసారి వా్య పారి కుమారునికి పుట్టనిరోజు పండగ జ్రిగంది. ఆ 

కార్ా బ్రకమానికి అనేకమంది పెద్దల్న ఆహా్వ నించాడు. బ్రాహ్మ ణుణ్ణ ి కూడా 

ఆహా్వ నించాడు. బ్రియమైన సే్న హితుని ఇల్లు, దానికి తోడు షావుకారు సే్న హితుని 

ఇంట్ట కార్ా బ్రకమం, తల్చుకుంటేనే నోట్టనిండా నీళ్ళూ రాయి. 
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